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I s o l a t i o n And C h a r a c t e r i z a t i o n Of A F u n c t i o n a l l y A c t i v e 
P r o t e i n T r a n s l o c a t i o n A p p a r a t u s From C h l o r o p l a s t E n v e l o p e s . 
K. Waegemann, J . S o l l 
B o t a n i s c h e s I n s t i t u t , U n i v e r s i t ä t K i e l , O l s h a u s e n s t r a ß e 40, 
D-2300 K i e l , Germany 
C h l o r o p l a s t s t r u c t u r e and f u n c t i o n depends v i t a l l y o n t h e 
i m p o r t o f n u c l e a r coded and c y t o s o l i c a l l y s y n t h e s i z e d 
P o l y p e p t i d e c o n s t i t u e n t s (de Boer and Weisbeek 1991) . P r o t e i n s 
o f t h e o u t e r and i n n e r e n v e l o p e from c h l o r o p l a s t s c o l l a b o r a t e 
t o f o r m an i m p o r t m a c h i n e r y w h i c h i s r e s p o n s i b l e f o r t h e 
s p e c i f i c r e c o g n i t i o n o f c h l o r o p l a s t d e s t i n e d p r e c u r s o r 
p r o t e i n s and t h e i r t r a n s l o c a t i o n t h r o u g h t h e two membrane 
b a r r i e r . O u t e r e n v e l o p e membrane v e s i c l e s a r e p u r i f i e d from 
pea c h l o r o p l a s t s i n a r i g h t s i d e - o u t o r i e n t a t i o n , i . e . l i k e i n 
t h e i n t a c t o r g a n e l l e (Waegemann e t a l . 1 9 9 2 ) . P r e c u r s o r 
p r o t e i n s a r e bound t o t h e membrane v e s i c l e s i n an ATP, 
r e c e p t o r and t r a n s i t p e p t i d e dependent manner (Waegemann and 
S o l l 1991, S o l l and Waegemann 199 2 ) . The t r a n s l o c a t i o n p r o c e s s 
o f a p r e c u r s o r p r o c e e d s v i a d i s t i n c t s t e p s w h i c h c a n be 
d e t e c t e d i n v i t r o as t r a n s l o c a t i o n i n t e r m e d i a t e s , named deg 1-
4 i n c h l o r o p l a s t s ( F i g 1 ) . The o u t e r e n v e l o p e l o c a l i z e d i m p o r t 
a p p a r a t u s y i e l d s deg 1 and 2 w h i l e deg 3 and 4 a r e 
t r a n s l o c a t i o n i n t e r m e d i a t e s w h ich o c c u r i n c o n n e c t i o n w i t h t h e 
i n n e r e n v e l o p e i m p o r t m a c h i n e r y ( F i g 1 ) . 
deg 
2> 
1 2 3 4 
F i g 1) L o c a l i s a t i o n o f pSSu t r a n s l o -
c a t i o n i n t e r m e d i a t e s . pSSu b i n d s t o 
i n t a c t c h l o r o p l a s t s i n t h e p r e s e n c e o f 
100 ßM ATP ( l a n e 1 ) . P r o t e a s e t r e a t -
ment r e s u l t s i n t h e o c c u r e n c e o f deg 
1-4 ( l a n e 2 ) . E n v e l o p e membranes i s o -
l a t e d from t h e s e p l a s t i d s show t h a t 
deg 3 and 4 a r e l o c a l i z e d i n t h e i n n e r 
e n v e l o p e ( l a n e 4 ) . O u t e r e n v e l o p e s i n -
c u b a t e d w i t h pSSu as above y i e l d deg 1 
and 2 a f t e r p r o t e a s e t r e a t m e n t ( l a n e 3) 
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U s i n g a s o l u b i l i s a t i o n p r o t o c o l o f o u t e r e n v e l o p e membranes as 
o u t l i n e d i n F i g 2A ( K i e b l e r e t a l . 1990) a p r o t e i n complex 
c o u l d be e n r i c h e d by s u c r o s e d e n s i t y c e n t r i f u g a t i o n which 
c o n t a i n e d bound p r e c u r s o r p r o t e i n ( i m p o r t complex I) ( F i g 2 B ) . 
D e t e c t i o n o f t h i s i m p o r t complex I depended on t h e p r e s e n c e o f 
ATP, a t r a n s i t s e q u ence and p r o t e a s e s e n s i t i v e components, 
e.g. r e c e p t o r m o l e c u l e s d u r i n g t h e i n c u b a t i o n o f t h e membrane 
v e s i c l e w i t h t h e p r e c u r s o r (Waegemann and S o l l 1 9 9 1 ) . The 
p r o t e i n c o m p o s i t i o n o f i m p o r t complex I i s d i s t i n c t i v e l y 
d i f f e r e n t from t o t a l o u t e r e n v e l o p e membrane p r o t e i n s and 
shows an e n r i c h m e n t o f a number o f p r o t e i n s as j u d g e d by g e l 
e l e c t r o p h o r e s i s f o l l o w e d by s i l v e r s t a i n i n g ( F i g 2 C ) . U s i n g 
i m m u n o l o g i c a l t e c h n i c s we have i d e n t i f i e d f o u r o u t e r e n v e l o p e 
p r o t e i n s (OEP) o f 86, 70, 75, and 34 kDa ( F i g 2D). The 70 kDa 
P o l y p e p t i d e c r o s s r e a c t s w i t h an a n t i s e r u m a g a i n s t h e a t s h o c k 
p r o t e i n 70 (hsp 7 0 ) . F u r t h e r m o r e i t i s p o s s i b l e t o 
i m m u n o p r e c i p i t a t e t h e p r e c u r s o r p r o t e i n by a n t i b o d i e s a g a i n s t 
hsp 70 (Waegemann and S o l l 1991) i n d i c a t i n g a c l o s e 
i n t e r a c t i o n between t h e s e two components. E n v e l o p e l o c a l i z e d 
h s c 70 m i g h t t h u s a c t as a c h a p e r o n e t o f a c i l i t a t e t h e 
t r a n s l o c a t i o n o f a p r e c u r s o r p r o t e i n by i n t e r a c t i n g w i t h t h e 
t r a n s p o r t c o m p e t e n t , i . e . p a r t i a l l y f o l d e d , c o n f o r m a t i o n o f 
t h e P o l y p e p t i d e c h a i n ( M a r s h a l l e t a l . 1990, von H e i j n e and 
N i s h i k a w a 1991, Waegemann and S o l l 1 9 9 1 ) . The r o l e and 
f u n c t i o n o f o t h e r i m p o r t complex I c o n s t i t u e n t s r e m a i n s t o be 
e s t a b l i s h e d . 
A f t e r s o l u b i l i s a t i o n o f o u t e r e n v e l o p e membranes and 
c e n t r i f u g a t i o n t h r o u g h s u c r o s e - g r a d i e n t s t h e f r a c t i o n s w h i c h 
c o n t a i n e d i m p o r t complex I were p o o l e d and s u b s e q u e n t l y 
i n c u b a t e d w i t h p r e c u r s o r p r o t e i n (see F i g . 2A, r i g h t p a n e l ) . 
T h i s i s o l a t e d membrane complex r e c o g n i z e d s p e c i f i c a l l y t h e 
p r e c u r s o r P o l y p e p t i d e i n r e l a t i o n t o t h e mature form and 
i n t e r a c t e d w i t h i t i n an ATP dependent manner. F o l l o w i n g 
P r o t e a s e t r e a t m e n t t r a n s l o c a t i o n i n t e r m e d i a t e s deg 1 and 2, 
i d e n t i c a l t o t h o s e d e s c r i b e d above ( F i g 1) f o r t h e o r g a n e l l a r 
s y s t e m were d e t e c t e d . T r a n s i t p e p t i d e dependent i n t e r a c t i o n o f 
t h e i s o l a t e d i m p o r t complex w i t h t h e p r e c u r s o r p o i n t s t o t h e 
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F i g 2) C h a r a c t e r i z a t i o n o f t h e p r o t e i n i m p o r t complex from 
c h l o r o p l a s t o u t e r e n v e l o p e s . A) S o l u b i l i s a t i o n and i s o l a t i o n 
p r o t o c o l o f i m p o r t complex I and I I . B) D i s t r i b u t i o n o f 
r a d i o a c t i v i t y i n t h e s u c r o s e d e n s i t y g r a d i e n t as d e t e r m i n e d by 
l i q u i d s c i n t i l l a t i o n c o u n t i n g ( l i n e d r a w i n g ) . C) P o l y p e p t i d e 
c o m p o s i t i o n o f o u t e r c h l o r o p l a s t e n v e l o p e ( l a n e 1 ) , complex I 
( l a n e 2) and complex I I ( l a n e 3 ) . D) Immunoblot a n a l y s i s o f 
f r a c t i o n s o b t a i n e d from a s u c r o s e d e n s i t y g r a d i e n t t o e n r i c h 
complex I u s i n g a n t i s e r a a g a i n s t OEP 75 and OEP 34. Numbers on 
t o p i n d i c a t e f r a c t i o n numbers. 
p r e s e n c e o f a r e c e p t o r i n t h i s complex. P r o t e a s e s e n s i t i v e 
components i n i m p o r t complex I I a r e OEP 86 ( F i g 3) and OEP 34 
( s e e F i g 2C, D ) , however, d i r e c t e v i d e n c e f o r t h e i r f u n c t i o n 
as r e c e p t o r i s s t i l l m i s s i n g . We were u n a b l e t o d e t e c t a 
p u t a t i v e r e c e p t o r o f 30 kDa m o l e c u l a r ( P a i n e t a l . 1988, 
S c h n e l l e t a l . 1990) i n i m p o r t complex I I and c o n c l u d e from 
t h i s and f r o m o t h e r r e s u l t s t h a t t h e r e c e p t o r f o r 
c h l o r o p l a s t i c p r o t e i n i m p o r t i s n o t y e t c o n c l u s i v e l y 
i d e n t i f i e d ( F l ü g g e e t a l . 1 9 9 1 ) . The p r e s e n c e o f h s c 70 i n 
i m p o r t complex I I i n d i c a t e s a g a i n t h e i n v o l v e m e n t o f t h i s 
p r o t e i n i n t h e t r a n s l o c a t i o n mechanism ( F i g 3 ) . The p r o t e i n 
c o m p o s i t i o n o f i m p o r t complex I and I I i s s i m i l a r ( F i g 2 C ) . To 
104 
o u r knowledge t h e r e s u l t s d e s c r i b e d above d e m o n s t r a t e f o r t h e 
f i r s t t i m e t h a t i t i s p o s s i b l e t o i s o l a t e a p r o t e i n 
t r a n s l o c a t i o n a p p a r a t u s as a f u n c t i o n a l a c t i v e u n i t from 
c h l o r o p l a s t s . T h i s w i l l e n a b l e us t o s t u d y t h e mechanism o f 
p r o t e i n t r a n s l o c a t i o n i n g r e a t e r d e t a i l . 
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